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The skin is a critical barrier between hosts and patho-
gens in arthropod-borne diseases. It harbors many
resident cells and specific immune cells to arrest or
limit infections by secreting inflammatory molecules
or by directly killing pathogens. However, some patho-
gens are able to use specific skin cells and arthropod
saliva for their initial development, to hide from the
host immune system, and to establish persistent infec-
tion in the vertebrate host. A better understanding of
the initial mechanisms taking place in the skin should
allow the development of new strategies to fight these
vector-borne pathogens that are spread worldwide and
are of major medical importance.
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INTRODUCTION
The skin constitutes a protective barrier, controlling tem-
perature homeostasis, sensing danger signals from the
environment, and organizing the early innate immune
response, all of which are accomplished because of the
epidermis and the dermis. In case of injury, pharmacological
(coagulation, platelet aggregation, and vasoconstriction)
as well as immune processes occur in the skin (Schro¨der
et al., 2006; Miller and Modlin, 2007; Nestle et al., 2009;
Kennedy-Crispin and Billick, 2011). These cells sense the
presence of damage-associated molecule patterns or
pathogen-associated molecule patterns through their Toll-
like receptors (TLRs) and other pattern recognition receptors
(PRRs) leading to the secretion of inflammatory cytokines,
type I IFN, chemokines, and antimicrobial peptides (Kawai
and Akira, 2010). Dermal dendritic cells (DCs) activate and
sustain the expansion of skin-resident CD4þ and CD8þ
T cells. Moreover, they expand the immune response by
activating and recruiting naive T cells in the nearest draining
lymph node. Activated T cells stimulate other skin cells,
including keratinocytes (KCs), to amplify the immune
response by a positive feedback loop (Nestle et al., 2009).
The skin represents an essential immunologic organ that
coordinates host defense by its functions in both innate and
adaptive immunity (Schro¨der et al., 2006; Gallo and
Hooper, 2012).
Some pathogens have developed strategies to efficiently
infect vertebrate hosts by taking advantage of the skin barrier
disruption initiated by the bite of arthropods such as insects
and ticks. The impact of arthropod-borne diseases such as
malaria, leishmaniasis, dengue, and Lyme disease among
others (Table 1) (Dana, 2009; Colpitts et al., 2012)
constitutes a major public health concern (Del Giudice
et al., 2005; Eisen and Eisen, 2011). The triad, pathogen,
arthropod, and vertebrate host, interact tightly with each other
and alter the immune defense outcome. Pathogens use
arthropods to modify their antigenic surfaces and to amplify
their virulence (Ramamoorthi et al., 2005; Boulanger et al.,
2006; de Moura et al., 2007; Neelakanta et al., 2010; Kajla
et al., 2011; Chouikha and Hinnebusch, 2012) and seem to
transform the skin barrier into an immune-tolerant organ for
their own development (Guilbride et al., 2012). The skin of
the vertebrate host is a key interface for arthropod-borne
diseases as it is there that pathogens and arthropod saliva
are co-inoculated (Frischknecht, 2007), and the outcome
of infections usually differs if pathogens are injected
intravenously, intradermally, or via the arthropod (Inoue and
Culleton, 2011; Kern et al., 2011). The importance of the skin
in certain arthropod-borne diseases is clearly visualized by the
presence of different clinical inflammatory manifestations
(e.g., erythema migrans for Lyme disease, severe lesions in
leishmaniasis, trypanome in trypanosomiasis, and eschar for
certain Rickettsiae) (Table 1).
In this review, we will first illustrate how some pathogens
use specific skin cells for their development in arthropod-
borne diseases, and how they subvert this environment to hide
from the immune system or use it to control the immune
response to facilitate their multiplication (Table 2). Next, we
will describe how the vector contributes to pathogen viru-
lence, notably by co-injecting its saliva with the pathogens,
allowing a minimum of inoculated pathogens to survive and
multiply in a hostile environment.
REVIEW
1EA7290, Virulence Bacterienne Precoce, Groupe Borre´liose de Lyme, Institut
de Bacteriologie, Universite de Strasbourg, Strasbourg, France and 2Centre
National de Reference Borrelia, Centre Hospitalier Universitaire, Strasbourg,
France
Correspondence: Nathalie Boulanger, EA7290, Virulence Bacterienne Precoce,
Groupe Borreliose de Lyme, Institut de Bacteriologie, Universite de Strasbourg,
3 Rue Koeberle, 67000 Strasbourg, France. E-mail: nboulanger@unistra.fr
Received 28 October 2013; revised 4 December 2013; accepted 28
December 2013; published online 20 February 2014
Abbreviations: DC, dendritic cell; DENV, dengue virus; FB, fibroblast; IL,
interleukin; KC, keratinocyte; KO, knockout; MO, macrophage; MC, mast cell;
NO, nitric oxide; Treg, T regulator; TLR, Toll-like receptor
& 2014 The Society for Investigative Dermatology www.jidonline.org 1211
PARASITES TRANSMITTED BY ARTHROPODS
Leishmaniasis
This parasitic infection is due to a trypanosomidae flagellate
parasite, Leishmania, transmitted by a sandfly, Phlebotomus
(Old World) or Lutzomia (New world) (Titus and Ribeiro,
1990). It can stay localized in the skin or disseminate to the
rest of the body according to the parasite species. The first
clinical manifestation is a skin lesion that can persist for
several weeks (Murray et al., 2005). For decades it was
thought that the parasite infects macrophages (MOs) directly
and solely through complement-based opsonic ingestion and
lectin-lipophosphoglycan phagocytosis (Wilson and Pearson,
1988; McNeely and Turco, 1990; Guy and Belosevic, 1993).
In MOs, the parasite multiplies within the phagolysosome in
which it differentiates from flagellated (promastigotes) to
unflagellated parasite (amastigote forms) (Chang and Dwyer,
1976). During infection, the Th-1 response confers protection,
whereas the Th-2 response makes the mouse model more
susceptible to infection. More recently, it was shown that the
first target cell for the parasite is the neutrophil (Laskay et al.,
2003; van Zandbergen et al., 2004). Neutrophils, short-lived
phagocytic cells, are among the first cell types to appear
during an infection (Nauseef, 2007). One to two days after
activation, they become apoptotic cells and eventually are
internalized by DCs or MOs to be degraded or processed.
They migrate to the site of a sand fly bite within 30 min in the
presence or absence of parasite.
A study using fluorescence microscopy has shown that
Leishmania colocalizes first within neutrophils and only after-
wards within MOs (Peters et al., 2008). This mechanism could
help the protozoan to escape the immune system and/or
improve the efficiency of MO infection (Jochim and Teixeira,
2009). Infected neutrophils are preferentially internalized
by these cells (Ribeiro-Gomes et al., 2012). This could be
linked to an increase in the expression of apoptotic markers
induced by Leishmania accelerating its uptake by MOs, or by
DCs (Langerhans and migratory DCs) inhibiting adaptive
immune activation (Ribeiro-Gomes and Sacks, 2012). Mast
cells also seem to have an important role in host protection, as
mast-cell knockout mice develop larger lesions with more
parasites and greater dissemination compared with wild-type
mice (Maurer et al., 2006). The exacerbation is likely
owing to the decrease of local DC recruitment and to the
shift of the Th-1 toward a Th-2 response. Similarly, KCs seem
to be involved in the early immune response. Epidermal
cytokines such as IL-12, IL-1b, IL-4, and IL-6 promote Th-1
differentiation in mice that are resistant to infection (Ehrchen
et al., 2010). Other cells known to control the Th-1/Th-2
balance that are present in the skin are T-regulatory cells
(Treg). In mice, Langerhans cells have an immunosuppressive
role during L. major infection of driving the expansion of Treg
and inhibiting the Th-1 response, which is favorable for the
survival of the pathogen (Peters and Sacks, 2006; Kautz-Neu
et al., 2011).
Recently, another study using CCR6 knock-out mice, a
receptor shared by Th-17 and T-reg, has corroborated the fact
that Treg have an important role in the development of
Leishmania infection, notably decreasing the IFN-g response,
which is crucial to control the infection (Barth et al., 2012).
In addition to resident skin cells, antimicrobial peptides
Table 1. Most important arthropod-borne diseases and their cutaneous manifestations in the vertebrate host
Disease (pathogens) Vector Cutaneous manifestations References
Viruses
Dengue fever (dengue virus, DENV-1–4) Aedes spp. (mosquito) Macular, maculopapular, scarlatiniform,
or petechial eruption
Gubler, 1998
Tick-borne encephalitis (tick-borne encephalitis
virus, Western, Siberian, and Far-Eastern)
Ixodes and Haemaphysalis
(ticks)
No Dumpis et al., 1999
West Nile virus Culex (mosquitoes) Maculopapular exanthema Ferguson et al., 2005
Bacteria
Lyme disease (Borrelia burgdorferi sensu lato) Ixodes (ticks) Skin lesion (erythema migrans) Stanek et al., 2012
Anaplasmosis (Anaplasma phagocytophilum) Ixodes or Dermacentor (ticks) Rare Bakken and Dumler, 2006
Rocky Mountain spotted fever (Rickettsia rickettsii) Dermacentor (ticks) Maculopapular rash Lin and Decker 2012
African tick bite fever (Rickettsia africae) Amblyomma, Dermacentor,
or Rhipicephalus (ticks)
Maculopapular rash Jensenius et al., 2003
Boutonneuse fever (Rickettsia conorii) Rhipicephalus (ticks) Maculopapular rash Moraga et al., 1982
Murine typhus (Rickettsia typhi) Xenopsylla cheopis (flea) Erythematous papules Gorchynski et al., 2009
Parasites
Malaria (Plasmodium falciparum) Anopheles (mosquitoes) Purpura fulminans (very rare) Kato et al., 2007
Leishmaniasis (Leismania) Sandfly Skin lesions, nodules (eventually ulcers) Reithinger et al., 2007
Chagas disease (Trypanosoma cruzi) Triatominae bug Chagoma Rassi et al., 2010
Sleeping sickness (Trypanosoma brucei rhodesiense
and T. b. gambiense)
Tsetse fly Chancre, pruritus, and edema Malvy and Chappuis, 2011
Q Bernard et al.
Skin Interface and Arthropod-Borne Diseases
1212 Journal of Investigative Dermatology (2014), Volume 134
Table 2. Major publications on the interaction between pathogens and host skin cells with potential effects of
arthropod saliva
Disease (pathogens) Skin cells Major effects on host cells with or without arthropod saliva Major references
Viruses
Dengue (Flavivirus) Dendritic cells
(DCs)
Invasion of DCs by binding to DC-SIGN receptors Tassaneetrithep et al., 2003
Protection of DC functions by saliva Ader et al., 2004
Macrophages Sequestration of the virus into the endosomes of dermal
macrophages expressing CD209
Kwan et al., 2008
Keratinocytes
(KCs), fibroblasts
(FBs)
Invasion of KCs and FBs by the virus and secretion of
antimicrobial peptides and IFN
Surasombatpattana et al., 2011
Bustos-Arriaga et al., 2011
Mast cells (MCs) Limitation of the infection by MCs, recruiting NK T cells John et al., 2011
Yoshida et al., 2012
Tick-borne
encephalitis
(TBE virus)
DCs Increase of the infection efficiency owing to the tick saliva Fialova´ et al., 2010
Bacteria
Lyme disease (Borrelia
burgdorferi sensu lato)
Neutrophils Recruitment of neutrophils and production of O2
 Ribeiro et al., 1990
Inhibition of integrin expression by tick saliva (ISL 929
and ISL 1373)
Guo et al., 2009
Inhibition of phagocytosis and oxidative burst at the
infection site
Hartiala et al., 2008
Survival of some bacteria in NETs Menten-Dedoyart et al., 2012
MCs Degranulation upon infection Talkington et al., 1999
DCs Inhibition of DC maturation: decrease of the expression of major
histocompatibility complex (MHC) II by the bacteria and the
saliva
Silberer et al., 2000
Hovius et al., 2008
Fibroblasts/
macrophages
Increase of metalloprotease (MMP9) expression to escape
the skin
Zhao et al., 2003, 2007a, 2007b
FBs Internalization for latency Wu et al., 2011
KCs Inhibition of secretion of antimicrobial peptides and chemokines
by tick saliva
Marchal et al., 2011a, 2011b
Parasites
Malaria (Plasmodium),
leishmaniasis
(Leishmania)
MCs Facilitating action of mosquito saliva: secretion of IL-4 and IL-10 Depinay et al., 2006
Schneider et al., 2011
DCs/macrophages Decrease of MHC-II expression da Silva et al., 2012
Tregs Increase of the suppressive activity of Tregs da Silva et al., 2012
Macrophages
Neutrophils
Apoptosis of Leishmania-infected neutrophils internalized by
macrophages, the target cells
Laskay et al., 2003
Peters et al., 2008
Inhibition of NO synthesis by the vector saliva Gomes et al., 2012
Increase of TGF-b secretion Van Zandbergen et al., 2004
DCs Inhibition of maturation by maxadilan, saliva protein of the
vector
Wheat et al., 2008
Uptake of Leishmania-infected neutrophils and decrease of
MHC class II expression
Ribeiro-Gomes et al., 2012
MCs Stimulation of Th1 response to improve the host response Maurer et al., 2006
KCs Early inflammation driven by KCs by promoting Th1 response Ehrchen et al., 2010
Tregs/DCs Stimulate the expansion of Tregs, which favor the inhibition of
IFN-g, and so improve the infection
Peters and Sacks, 2006
Kautz-Neu et al., 2011
Barth et al., 2012
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such as defensins and cathelicidins are also important effectors
of innate immunity in the skin (Bernard and Gallo, 2011).
In a mouse model, cathelicidin (Camp) has been shown to
directly target the parasite. In mouse knock out for Camp, the
level of the anti-inflammatory cytokines (IL-10) is high,
whereas the level of pro-inflammatory cytokines (IL-12
and IFN-g) is reduced (Kulkarni et al., 2011). Cathelicidin
is secreted by epithelial cells and mast cells (Nardo et al.,
2008), and is chemotactic for neutrophils and other immune
cells.
Although a significant number of Leishmania antigens have
been identified as potential candidates (Launois et al., 2008),
no vaccine is available against leishmaniasis. Further
investigations are necessary to better understand the initial
pathogenesis of the parasite in the skin, especially the precise
role of neutrophils in the initiation of the disease (Ritter et al.,
2009) as well as the role of Treg (Bourreau et al., 2009; Barth
et al., 2012). The use of in vivo imaging with fluorescent
parasites varying in virulence should help clarify these two
aspects.
Malaria
Plasmodium, a protozoan Apicomplexa responsible for
malaria, causes 4600,000 deaths per year in tropical coun-
tries (World Malaria Report, 2013). The invasive forms, the
sporozoites, are inoculated into the dermis by Anopheles
mosquitoes without inducing a skin lesion. They initially
invade hepatocytes, where an intense multiplication occurs,
and then the red blood cells (Sinnis and Coppi, 2007). For
decades, malariologists believed that sporozoites injected by
mosquitoes rapidly left the skin within minutes to reach the
liver without specific cell interactions in the skin (Sinnis and
Sim, 1997; Mota et al., 2004). However, recent studies have
now shown that some sporozoites remain in the skin and
initiate an immune response (Vanderberg and Frevert, 2004;
Guilbride et al., 2012). In fact, sporozoites take several hours
to leave the inoculation site (Amino et al., 2006; Yamauchi
et al., 2007); 40% of them remain in the skin after 6 h, 11%
after 24 h, and 20% go to the draining lymph nodes (LNs)
(Gueirard et al., 2010). In mice, between 0.5 and 1.8% of the
inoculated sporozoites develop into skin exoerythrocytic
forms and survive for weeks in the immune-privileged site
constituted by hair follicles (Voza et al., 2012). A possible
effect of exoerythrocytic forms in the skin may be the
development of tolerance. In addition, the mosquito bite
induces the recruitment of migratory immune cells to the
inoculation site (Amino et al., 2006) and sporozoites increase
the mobility of DCs and Treg in the skin. The major
histocompatibility complex II expression of DCs is lower
after an infected-mosquito bite than after a noninfected-
mosquito bite, transforming these cells into tolerogenic ones.
The Treg recruitment also has a key role in this strategy;
however, their specific role remains to be investigated (da
Silva et al., 2012).
For a while, Plasmodium has been thought to reach
hepatocytes directly after being injected by mosquitoes.
However, recent intravital imaging studies have helped to
improve our understanding of the initial phase of malaria in
the skin (Me´nard et al., 2013). An immune response is primed
into the skin against these Plasmodium skin forms. Thus,
analyzing precisely how cutaneous immune cells and resident
cells (KCs and fibroblasts (FBs)) respond to these special
exoerythrocytic form antigens may be helpful in developing
efficient vaccines.
VIRUS TRANSMITTED BY ARTHROPODS
Dengue
Among arthropod-borne pathogens, viruses are well repre-
sented. One of the most studied, the dengue virus (DENV), is
transmitted by Aedes mosquitoes. The disease threatens 2.5
billion people, mainly in tropical countries, and can be
responsible for lethal hemorraghic fever. The DENV is a
Flavivirus with a single-strand positive RNA, with four human
DENV serotypes (DENV-1–4). It attaches to the host cell
receptor through its E glycoprotein, enters the cell via endo-
somes, and after an acidification process reaches the cyto-
plasm where the nucleocapsid replicates (Smit et al., 2011).
Alternatively, DENVs can enter cells directly through the
plasma membrane (Vancini et al., 2012), confirming early
observations (Hase et al., 1989). In the skin, the virus first
infects resident DCs by binding to the DC-SIGN molecules
(L-SIGN, CD209) (Navarro-Sanchez et al., 2003;
Tassaneetrithep et al., 2003). KCs are also susceptible to
DENV infection (Surasombatpattana et al., 2011). Given the
high proportion of KCs in the skin, this ability to infect KCs
gives the virus a chance to expand rapidly before the activation
of a strong immune response by specific immune cells.
However, KCs are able to respond to DENV infection in a
MyD88-dependent pathway by inducing a high expression of
IFN-b, IFN-g, and antimicrobial peptides. The response is
mediated by double-strand RNA sensors such as TLR3/IRF7,
RIG-I, and MDA5 (Nasirudeen et al., 2011). On the other hand,
molecules secreted by KCs attract immune cells, MOs, and DCs
in which DENV can replicate. Similarly, FBs also contribute to
the expansion of the DENV (Bustos-Arriaga et al., 2011). They
are permissive to the virus and can constitute a cell reservoir.
DENV binds FB and KC membrane through its NS1 protein
and the heparan sulfate and chondroitin sulfate E molecules
(Avirutnan et al., 2007). However, FBs can fight the infection
by secreting IFN, TNF-a, and antimicrobial peptides. This
response occurs through a TLR3/IRF3-dependent pathway, but
not through IRF7 as in the case of DCs and KCs. Whether
FBs act mainly as reservoirs for the virus or whether they
mainly contribute to elimination of the virus by participating
in the pro-inflammatory response activation remains to be
investigated.
Mast cells (MCs) are also important for the immune
surveillance of DENV infection (John et al., 2011). MCs are
essential for resistance to vaccinia infection, another virus of
the skin (Wang et al., 2012a, b). Even if MCs are very resistant
to the DENV infection, intracellular virus RNA is detected and
internalized via MDA5 and RIG-I receptors. The virus induces
the degranulation of MCs present at the infection site,
inducing the recruitment of NK and NKT cells and the
release of cytokines (TNF-a and IFN-a) and chemokines
(CCL5, CXCL12, and CX3CL1). The TNF-a secretion
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could facilitate the recruitment of immune cells by increasing
vascular permeability. MCs seem to participate in the virus
clearance by limiting the viral invasion of the LNs even
if their involvement is not clear (Yoshida et al., 2012).
Alternatively, they could also help the virus to spread out
more efficiently by making access to the bloodstream easier
(Shresta et al., 2006). Dermal-type MOs also show an inherent
resistance to DENV infection. They could limit the infection
by sequestering the virus into poorly acidified phagosomes
(Kwan et al., 2008).
BACTERIA TRANSMITTED BY ARTHROPODS
Lyme borreliosis
As the first arthropod-borne disease of the Northern
Hemisphere, Lyme borreliosis has been particularly well
studied. It is a bacterial spirochete, Borrelia burgdorferi
sensu lato, transmitted by a hard tick, Ixodes sp. (Radolf
et al., 2012). It is first characterized by a cutaneous
inflammation, erythema migrans, then by a multisystemic
disorder affecting the nervous system, the joints, and the
skin. Currently, it is considered to be an extracellular
bacterium, even if some recent studies have shown that
B. burgdorferi can be internalized in certain cells such as
the FBs (Chmielewski and Tylewska-wierzbanowska, 2010;
Wu et al., 2011). Early studies describe the role of DCs
(Hulı´nska´ et al., 1994; Filgueira et al., 1996; Beermann et al.,
2000). B. burgdorferi inhibits the expression of class II
molecules on epidermal Langerhans cells and thus interferes
with the immune response against the bacteria (Silberer
et al., 2000). In addition, the tick bite induces the migration
of neutrophils to the site of bacterial inoculation (Hartiala
et al., 2008).
Owing to its OspB protein, B. burgdorferi inhibits neutrophil
phagocytosis and the generation of oxidative bursts (Hartiala
et al., 2008). Recently, these cells have been shown to trap
bacteria into their neutrophil extracellular traps (NETs)
(Menten-Dedoyart et al., 2012). Some of the spirochetes are
killed, but others survive into NETs, forming nonmotile round
bodies. In addition to direct interaction with skin cells,
B. burgdorferi upregulates some host proteins secreted
by resident skin cells for its own benefit. Lacking metal-
loproteases (MMPs) to migrate through skin extracellular
matrix, it induces MMP-9 secreted by FBs and/or MOs
(Zhao et al., 2003, 2007a, b). In this disease, the skin
constitutes an amplification site at which the bacteria
multiply intensively (Kern et al., 2011) and it seems to
constitute a ‘filter’ in which, among the heterogenous
population of Borrelia, specific bacterial clones are selected
to disseminate in the vertebrate host (Brisson et al., 2011). The
mechanism of this selection remains to be identified and
deserves further investigations.
VECTOR SALIVA, A CRITICAL PARAMETER FOR
EFFECTIVE PATHOGEN TRANSMISSION
Arthropod saliva contains molecules with anti-hemostatic,
anti-inflammatory, and immune-modulatory properties to
facilitate the uptake of the blood meal that is essential for
their survival (Titus et al., 2006; Francischetti et al., 2010;
Kazimı´rova´ and Stibra´niova´, 2013). Interestingly, pathogens
use saliva from such arthropods to facilitate their transmission.
Thus vectors are not just syringes that inoculate pathogens, but
are an essential part of the triangular interaction characterizing
arthropod-borne diseases.
Studies on Lyme borreliosis and leishmaniasis have
clearly revealed a major contribution of arthropod saliva
in the transmission of pathogens (Gillespie et al., 2000;
Brossard and Wikel, 2004; Nuttall and Labuda, 2004; Titus
et al., 2006; Fontaine et al., 2011). Transcriptomic and
proteomic analyses of arthropod salivary glands have shown
that pathogens upregulate some proteins to facilitate the
vertebrate host infection (Ribeiro, 1987; Titus and Ribeiro,
1990; Dixit et al., 2009; Girard et al., 2010; Ramabu et al.,
2010; Sim et al., 2012). The presence of these arthropod
proteins increases pathogen virulence, so that fewer patho-
gens are necessary to induce host infection as shown
for Leishmania by sandfly saliva (Titus and Ribeiro, 1988).
For example, a peptide called maxadilan has been identified
as a facilitating molecule (Lerner et al., 1991). It increases
the infection by driving the Th-1 immune response to a
Th-2 response. It also downregulates nitric oxide expression
by MOs and the expression of co-stimulatory molecules
by DC and T-cell activation (Wheat et al., 2008). The
saliva also induces neutrophil apoptosis associated with
increased parasite burden (Prates et al., 2011). Other
molecules, LJM11, LJM19, PpSP15, and Linb-11 in sand fly
saliva, have been correlated with host protection after
vaccination trials in mice (Gomes and Oliveira, 2012;
Gomes et al., 2012; de Moura et al., 2013). However, their
roles during the transmission of the parasite require further
investigations.
Similar observations have been made with ticks. Owing to
the long-lasting blood meal of ticks, the arthropod has to
develop different strategies to stay attached to the host skin for
several days, thus explaining the high number of molecules
with different properties identified in tick saliva (Kazimı´rova´
and Stibra´niova´, 2013). In Lyme borreliosis, Borrelia
specifically upregulates a protein in Ixodes saliva, Salp15,
which has been shown to affect different host immune cells
such as DCs, CD4 T cells, or KCs (Anguita et al., 2002;
Ramamoorthi et al., 2005; Hovius et al., 2008; Marchal et al.,
2011b), thus improving the transmission of the bacteria.
Tick saliva contains additional proteins inhibiting T- and
B-cell proliferation, DC maturation, neutrophil functions, and
complement activation (Ribeiro et al., 1990; Leboulle et al.,
2002; Sa´-nunes et al., 2007; Guo et al., 2009; Francischetti
et al., 2010). The tick saliva of Ixodes can also facilitate the
transmission of the bacteria, Anaplasma phagocytophilum, by
downregulating cytokine expression of MOs (Chen et al.,
2012). A similar phenomenon has been observed for tick-
borne encephalitis, in which the virus modifies the
composition of tick saliva to improve the infection by
increasing the DC infection efficiency. This leads to a
decrease in virus-induced TNF-a and IL-6 production
(Robertson et al., 2009; Fialova´ et al., 2010).
Mosquito saliva also seems to increase Plasmodium infec-
tivity. It was earlier observed that sporozoites inoculated via
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infected mosquito were more infectious than those inoculated
intravenously (Vaughan et al., 1999; Leitner et al., 2010).
When washed sporozoites were co-inoculated with or without
mosquito saliva intradermally, the presence of saliva induced
IL-4 and IL-10. Parasitemia was higher and cerebral malaria
developed more frequently (Depinay et al., 2006; Schneider
et al., 2011; Mauduit et al., 2012). The saliva of Aedes aegyti
also exhibits immunomodulatory properties by inducing
lymphocyte but not DC apoptosis in a caspase 3– and 8–
dependent pathway (Bizzarro et al., 2013).
The role of vector saliva is usually protective for pathogens.
However, the immune response developed against saliva may
sometimes be detrimental. In the case of repeated sandfly
bites, a delayed hypersensitivity reaction makes the bite site
refractory to the parasite, notably by increasing the amount of
Th-1 cytokine production (Kamhawi, 2000; Gomes and
Oliveira, 2012). In Anopheles stephensi, the saliva seems to
indirectly protect the host from pathogens by increasing
neutrophil attraction (Owhashi et al., 2001). In Aedes
aegypti, the saliva decreases the DCs’ vulnerability to DENV
and increases their production of cytokines (Ader et al., 2004).
Vector saliva is an amazing source of pharmacologic and
immunosuppressive molecules. The role of saliva has been
particularly well studied in the long-lasting blood meal of
ticks, but its role in, for example, malaria should be precisely
investigated. Moreover, its essential role in the initial patho-
genesis of vector-borne diseases makes it a preferential target
for vaccine development. However, the exact mechanism of
protection induced by arthropod saliva needs to be elucidated
to determine precisely how long it persists in the skin and acts
on the different skin cells, for its eventual safe use in human
vaccines.
CONCLUSION
The skin of vertebrates as an essential organ for immune
defense is exploited during the transmission of arthropod-
borne pathogens. Its key role is clearly demonstrated by the
cutaneous manifestations that develop at the site of inocula-
tion in diseases such as leishmaniasis, Lyme disease, and/or
rickettsial diseases. Through the action of its resident and
recruited cells, the skin is a primary participant in the
physiopathology of these diseases. Recently, the role of the
skin has been reevaluated by the discovery of new target cells
such as neutrophils in leishmaniasis and in certain
developmental stages in malaria. The interaction of Plasmo-
dium skin stages and resident skin cells remains to be
investigated. As resident cells such as KCs and FBs are
probably also important for the development of immunity as
in Lyme Borreliosis (Marchal et al., 2011a; Wu et al., 2011)
and dengue (Surasombatpattana et al., 2011), in vitro
approaches such as skin organotypic cultures may help to
explore this aspect. For most of these diseases, the skin seems
to be a site of immune tolerance and pathogen latency, in
which the role of Treg is essential (Barth et al., 2012; Guilbride
et al., 2012). Such research may help to establish
future effective vaccines combining pathogens and vector
saliva compounds (Nuttall et al., 2006; Schuijt et al., 2011;
Parizi et al., 2012).
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